Introduction
Nowadays, the FS IGBT (Insulated Gate Bipolar Transistor) is playing an important role in modern power converter systems and current applications [1] . There is in great need in characterize the FS IGBT account accurately. The thermal compact model is equally important as its electrical counterpart and should be included in the compact model. Review all the FS IGBT model available [2] - [5] , only very few models presented take the self-heat effect into consideration. So it is necessary to develop an accurate compact model for this new generation power device.
In this paper, a physics-based electro-thermal (ET) model for FS IGBT is proposed. The Fourier-based compact model is to characterize the FS IGBT while the self-heat effect is described by an equivalent RC network model. Finally, the static experiment of FS IGBT under resistive-load circuit is performed to validate the model, and the simulation results of forward conduction characteristics shows a great accordance in the experiment.
Fourier-based solution FS IGBT model
The proposed FS IGBT model is based on a model developed for NPT IGBT and described in [6] , [7] . In the model, the high-level injection and quasi-neutral are assumed, and the dynamics of excess carrier in N-base is governed by ADE
where Assuming buffer layer is in high-level injection condition [7] , the hole concentration P HW at the boundary between the buffer layer and the N-base is given by
where N H is the doping concentration of the LPT n buffer layer. The hole current I p0 at the J 0 junction can be easily obtained by 00 cosh 1 sinh
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The hole current I p1 at the J 1 junction can be similarly obtained as
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These equations are used with the NPT IGBT model proposed in [6] , [7] to modeling FS IGBT.
Equivalent RC network thermal model
The equivalent RC network thermal model [8] is based on the thermal property of different packaging materials. The schematic of this equivalent RC network is shown in Fig. 2 . In order to obtain the thermal resistance and capacitance directly from the geometry of package, the equivalent RC network need to be changed to the network shown in Fig. 3 . The resistances are a lumped representation of the distributed thermal resistance network of the component, from die to ambient, while the capacitances are a lumped representation of distribution of heat capacitance. Each group of resistor and capacitor represents different layers of thermal spreading path, which is from heat source to the heat sink or base plate. The heat sink could also be considered simply to add another two RC components for the heat transfer from case to heat sink and from heat sink to ambient respectively. The thermal resistance and capacitance are obtained from:
iiii CcV r = (11) where d i is the depth, A i is effective cross-section area, V i is effective volume. k i is thermal conductivity. The two coefficients, thermal conductivity, k i , and the specific heat capacity, c i , are temperature dependent. The results for the different layers of the package are presented in Table. 1 [9] . A part of a RC circuit is presented in Fig. 4 . Kirchoff's current law is used to describe the circuit. For the node i, the equation is:
11 iii qcqq --=-(12) The heat flow, q i , through the thermal resistor, R i , is calculated using Ohm's law:
The temperature difference across the two nodes of the capacitor C i is calculated by: 1
The input current source of equivalent RC network is the heat dissipation generated from semiconductor chip. This is the connecting joint between thermal model and electrical simulation model. The dissipated heat is the output from electrical model. The junction temperature is the node voltage equivalent thermal network, which can be simulated instantly with the same circuit simulator as for electrical model.
Validation
The physics-based electro-thermal model for FS IGBT is implemented in Matlab/Simulink, To validate the model, a commercial IGBT is selected for research in this study. This device is a kind of FS IGBT from International Rectifier and has a plastic package of TO-220AB. The validation chose the resistive-load circuit which is shown in Fig. 5 and the electrical parameters of the circuit are listed in Table. 2. 
Firstly, the parameters of the device need to be extracted as the input of the electro-thermal model [10] . The results of parameter extraction of selected FS IGBT are listed in Table. 3. The conduction voltage is calculated by the presented electro-thermal model, and the comparison has been made with the experiment results. The results are shown in Table. 4, from which we can see that the simulation results and the experiment results meet a good agreement. So the physics-based electro-thermal model for FS IGBT which is presented in this paper is accurate. 
Conclusions
In this paper, a physics-based electro-thermal model for FS IGBT implemented in the Matlab/ Simulink is proposed. The Fourier-based compact IGBT model is introduced to model the FS IGBT. The Cauer equivalent RC network is used to characterize the self-heat effect. The simulation and experiment results show great accord which proves that the model is accurate and efficient.
